epithelial cells, in which cypin protein is polarized to the
PSD-95 fusion protein eluted from the column and also eluted from a control PSD-95 column loaded with solubilization buffer alone.
Previous studies have identified a number of PSD-95-binding proteins, and we expected these should also be present in the eluate fractions. Western blotting indicated that known PSD-95-binding proteins, including neuronal nitric oxide synthase (nNOS), Kv1.4, and NMDA receptor 2B, were all purified by the PSD-95 column (Figure 1 ; data not shown). However, these proteins are apparently of much lower abundance in Triton-soluble extracts than is the 50 kDa protein, and they were not apparent by silver staining.
To determine the structure of this PSD-95-binding protein, hereafter named cypin, we pooled the appropriate column fractions and purified the 50 kDa protein band by preparative SDS-PAGE. Following electrophoresis, proteins were transferred to a polyvinylidene difluoride (PVDF) membrane, and the 50 kDa band was excised. The band was digested with cyanogen bromide, and the released peptides were treated with o-phthalaldehyde, which blocks all peptides that lack an N-terminal proline. Microsequencing following this blocking procedure yielded a single unequivocal peptide sequence of 30 amino acids (Figure 1 ). The sequence of this peptide perfectly matched the conceptual translation of an expressed sequenced tag (EST) in the public Figures 2B and 2C) . The highest levels of cypin were washed extensively, and bound proteins were protein are detected in extracts from kidney, liver, lung, eluted with 4 M urea and were analyzed by SDS-PAGE. brain, and spleen ( Figure 2C ). Lower levels of cypin are Silver staining revealed a single band of ‫05ف‬ kDa that present in extracts from placenta, heart, and skeletal was retained by the PSD-95 column but not by the conmuscle, and no cypin was expressed in pancreas. It is trol GST column (Figure 1, arrow) . Tubulin, the most curious that high levels of cypin protein are found in rat abundant protein in the brain extract, bound nonspecifilung, whereas cypin mRNA is not found in human lung. We do not yet understand the root of this difference. cally to both columns ( Figure 1A) . A small amount of the (B) mRNA for cypin is widely expressed in rat and human tissues. Northern blotting reveals that cypin mRNA ‫4.6ف(‬ kb) occurs in rat brain, liver, and spleen. In mRNA purified from human tissues, cypin is expressed in brain, placenta, liver, and kidney but is not detected in heart, lung, skeletal muscle, or pancreas.
(C) Western blotting shows that cypin protein is expressed at high levels in kidney, liver, lung, brain, and spleen. Cypin is expressed at lower levels in skeletal muscle, placenta, and heart and is absent from pancreas.
Cypin Interacts with the First and Second PDZ
PDZ2, PDZ1 and PDZ2, PDZ1-PDZ3, SH3, and GK domains, as well as full-length PSD-95. Figure 3A shows Domains of PSD-95 via a C-terminal PDZ Binding-Site that cypin binds to PDZ1 and PDZ2 together but not to either PDZ domain alone. Binding to PDZ1 and PDZ2 is As cypin is an abundant PSD-95 binding protein in detergent-soluble brain extracts, we sought to characterize quantitatively similar to cypin binding to full-length PSD-95 ( Figure 3B ). In addition, cypin does not bind to the its mode of interaction with PSD-95. GST fusion protein affinity chromatography was performed using the PDZ1, SH3 or GK domains ( Figure 3B ; data not shown). As further support for cypin binding to both the PDZ1 and acids of cypin is sufficient to bind an equivalent amount of PSD-95 ( Figure 3C ). In contrast, a construct of the PDZ2 of PSD-95, we cotransformed yeast with expression vectors encoding various PDZ domains from PSD-C-terminal nine amino acids in which the critical serine (Ϫ2 position) and terminal valine were mutated to alanine 95 together with full-length cypin ( Figure 3B ). Complementing the affinity chromatography data, cypin binds does not bind to PSD-95 ( Figure 3C ). We also determined if mutation of the last four amino acids of cypin to PDZ1 and PDZ2, whereas cypin fails to interact with either PDZ domain alone. disrupts association with MAGUK proteins in vivo. We found that SAP-102 coimmunoprecipitates with wildConspicuous in the cypin sequence is a C-terminal consensus (ϪSSSV*), which conforms to the canonical type but not mutant cypin ( Figure 3D To test further the specificity of the PSD-95-cypin interaction, we performed a reverse yeast two-hybrid phy using fusion proteins of full-length cypin or the last nine amino acids of cypin to evaluate binding to PSDscreen of 7 ϫ 10 6 colonies from a rat brain cDNA library using cypin as bait. The screen yielded two independent 95 from rat brain ( Figure 3C ). We found that a GST fusion protein of cypin selectively retains PSD-95 and that a clones; remarkably, both cypin-interacting clones encoded MAGUK proteins. The first clone encoded the GST fusion protein containing only the final nine amino three PDZ domains of PSD-95 (amino acids 17-427); the in brain. Cypin protein is abundant in extracts from cerebral cortex, hippocampus, olfactory bulb, and corpus second encoded PDZ1 and PDZ2 of SAP-102 (amino acids 63-376). These data confirm the strong and spestriatum but is absent from cerebellum, spinal cord, and medulla ( Figure 5A ). In situ hybridization demonstrated cific interaction between cypin and MAGUK family members.
that cypin mRNA is selectively enriched in a subset of neurons in regions of the brain that express high cypin protein levels (
Figure 5B rons, we performed immunoelectron microscopy on coimmunoprecipitate with cypin ( Figure 4C) . As a control, sections of rat cerebral cortex. Examination of peroxiwe found that calcium/calmodulin kinase II (CaMKII), an dase-labeled sections revealed that the highest densiabundant postsynaptic protein, does not coprecipitate ties of cypin occur discretely, in a subset of cortical with cypin ( Figure 4C neck of the spine and is typically excluded from the found that cypin is most prevalent within the cytoplasm of dendritic shafts. Immunogold particles rarely occur spine head and PSD ( Figure 6A) . At shaft synapses, cypin immunoreactivity is most concentrated upon periat the PSD. Instead, the immunoreactivity is more often found along the plasma membrane adjacent to the PSD synaptic saccules that aggregate adjacent to the weakly labeled postsynaptic membrane ( Figure 6B ). In addition and upon cytoplasmic perisynaptic saccules ( Figures  6D and 6E) . to labeling dendritic shafts, cypin also is concentrated in a subset of axonal processes. Within axons, cypin is concentrated at the synaptic terminals, and the reaction Cypin Regulates Postsynaptic Sorting of MAGUK Proteins product is often seen coating synaptic vesicles ( Figure  6C ). This is consistent with subcellular fractionation, As cypin is enriched in dendritic shafts and perisynaptic domains, we asked whether cypin might regulate the which shows that cypin is expressed both pre-and postsynaptically.
postsynaptic sorting of associated MAGUK proteins. To address this, we evaluated the postsynaptic trafficking Because the peroxidase label diffuses, we also used silver-intensified preembedding immunogold, to allow of PSD-95 and SAP-102 in hippocampal neurons. Hippocampi were dissected from late gestation embryonic more precise subcellular localization of cypin. Again, we (Table 1) . We found that transfection with cypin causes a 2-fold reduction in the density of PSD-95 syn- Table 1 ). Finally, we asked whether a diffusely expressed transaptic clusters, from 1.8 clusters per micrometer to 0.9 clusters per micrometer ( Table 1) 
